A tokamak-independent analysis suite has been developed to process data from Motional Stark Effect (mse) diagnostics. The software supports multi-spectral linepolarization mse diagnostics which simultaneously measure emission at the mse σ and π lines as well as at two 'background' wavelengths that are displaced from the mse spectrum by a few nanometers. This analysis accurately estimates the amplitude of partially-polarized background light at the σ and π wavelengths even in situations where the background light changes rapidly in time and space, a distinct improvement over traditional 'time-interpolation' background estimation. The signal amplitude at many frequencies is computed using a numerical-beat algorithm which allows the retardance of the mse photo-elastic modulators (pems) to be monitored during routine operation. It also allows the use of summed intensities at multiple frequencies in the calculation of polarization direction, which increases the effective signal strength and reduces sensitivity to pem retardance drift. The software allows the polarization angles to be corrected for calibration drift using a system that illuminates the mse diagnostic with polarized light at four known polarization angles within ten seconds of a plasma discharge. The software suite is modular, parallelized, and portable to other facilities. a) Contributed paper published as part of the
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II. CODE OVERVIEW
A major objective of the code design is to ensure its portability to other facilities which may choose to implement the multi-spectral line-polarization mse technique. The software, written in the idl language, is modularized and parallelized so that each of the 40 channels (measurements at four wavelengths for each of ten spatial channels) is processed independently to reduce memory requirements and processing time. The software is tokamak 'agnostic': all input parameters and tokamak-specific data as well as computed quantities are stored in the mdsplus ? data management system widely used in the fusion community.
Two methods of background light estimation are supported: traditional time-interpolation, in which the background intensity is simply interpolated linearly between adjacent time periods when the neutral beam is turned off; and wavelength interpolation. The code computes the polarization direction from both the mse σ and π lines. The following sections describe some of the major algorithms in the software.
III. NUMERICAL LOCKIN
The signal amplitude at various harmonics of the pem frequencies is computed by a 'numerical lock-in' algorithm that multiplies the measured signal intensity (digitized at 0.5-1.0 MHz) by a cosine function that is constructed to be accurately synchronous with the retardance state of the pems. The error in inferred polarization angle introduced by an error ∆f in the inferred period over a time period t o is of order 180π(∆f t o ) 2 degrees. So first the frequency of each pem is determined to an accuracy of δf /f ∼ 1.5 × 10 −7 over successive time intervals of ∼200 msec by examining the rise-times of the pem square-wave drive signal that is digitized on the same hardware as the mse signal. Because the actual retardance state of the pem may have a phase lag relative to its drive signal, a fixed phase offset is applied to the constructed reference cosine waveform that maximizes the computed signal intensity at the desired pem harmonic (e.g. 2Ω 1 or 2Ω 2 ) during the system's calibration with linearly polarized light. Fig. 1d , blue curve) is a weighted sum of the two scaled backgrounds, in this case weighted (24:76) inversely to the wavelength separation between the background filters and the mse line. Note that in this situation, the entire measured signal is pure background and so the success of a background estimation algorithm is defined by how well the 'net' signal (beam 'on' minus background estimate) approximates zero; the wavelength interpolation scheme does well while time interpolation does not. There is excellent but imperfect background subtraction during the reference periods due to the ratio-interpolation procedure.
IV. WAVELENGTH INTERPOLATION

V. CALIBRATION IMPLEMENTATION
Like most mse diagnostics, the mse system on Alcator c-mod is calibrated by illuminating the diagnostic with linearly polarized light having a set of accurately-known polarization directions ? . The raw measured polarization angle θ mea is computed from tan 2θ mea = I 2Ω 1 /I 2Ω 2 where I 2Ω 1 and I 2Ω 1 are the measured intensities at the secondharmonic pem frequencies. Numerical simulations of the mse signal generated by linearly polarized light show that most optical aberrations in a typical mse optical system including retardance and diattenuation in mirrors, and unequal retardance imposed by the two pems all lead to error terms of the form cos 2θ and cos 4θ:
where θ is the actual polarization angle and A 1 . . . A 5 are sightline-specific calibration cooefficients. This form of an mse calibration is currently supported by the mslp code, where the calibration coefficients are read from an mdsplus tree. The calibration treatment is modular within the mslp code so alternate expressions for the calibration could easily be implemented.
A generalized equation has been developed to relate the polarization direction of linearly polarized light emitted from the mse π and σ lines to the local magnetic field pitch angle, the mse sightline and beam trajectory geometry, and arbitrary B R , E φ and E R ? . This relationship has been implemented in the mslp code in the simplified limit of a horizontallymoving beam and B R = E φ = E R .
Typical mse systems operate with a pem retardance of 3.054 radians, which forms a relationship between the polarization angle from measured intensities at the second pem harmonics, tan 2θ = I 2ω 1 /I 2ω 2 . But the standard Müeller-matrix analysis shows that by [ mV] [ mV] operating at slightly higher pem retardance (3.611 radians), the angle can be also obtained from the summed intensities at the 2 nd and 4 th harmonics ? :
where J 2 and J 4 are the second and fourth Bessel functions, and R 1 = R 2 = 3.611 is the pem retardance. The availability of computed intensities at both the second and fourth harmonic pem frequencies in the mslp code allows Eq. 2 to be optionally used to compute the raw polarization angle. In principle, it offers a 37% increase in signal (with no additional hardware) and is less sensitive to uncompensated drifts in the pem retardance relative to standard operation at 3.054 radians.
The mse diagnostic on Alcator C-Mod experiences significant calibration drift of several degrees over a time period of ∼ minutes due to stress-induced birefringence in transmissive optical elements caused by variations in local temperature. An Intershot Calibration System (isc) ? has been developed which illuminates the mse optical system with linearly polarized light at four known polarization directions within ten seconds of a plasma shot. Three of the angles are chosen to span the typical range of polarization angles expected during tokamak operation while the last is oriented nominally orthogonally to the others to provide information about optical aberrations. The mslp code supports the optional use of the isc data to correct the mse polarization angle measurement for calibration drift.
VI. RETARDANCE CALCUATION
Even drifts of a few percent in the pem retardance -if uncompensated -can sigificantly alter the mse calibration. The 'numerical lock-in' algorithm implemented in the mslp code allows the amplitude to be computed at arbitrary mixed frequencies (mΩ 1 ± nΩ 2 ) which provides a means to monitor the pem retardance during routine operation. Using the standard Müeller-matrix analysis of an mse diagnostic, it is straightforward to show that there are simple relationships between the ratios of intensities at selected frequencies and
Bessel functions evaluated at the retardance of a single pem, e.g.
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The mslp analysis suite includes a module that computes the pem retardance on every shot.
